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REMARKS 

I. Introduction 

Receipt of a final office action dated March 9, 2006, is acknowledged. In the action, 
claims 23-24 are rejected as allegedly obvious over US Patent No. 5,298,420 ("'420 patent"), 
in view of Goto et al; 9 Blood, 84(6): 19220 1930 (1994) ("Goto et air). Additionally, claims 
13 and 15-22 are rejected for failing to meet the written description requirement. 

Applicants respectfully request reconsideration of the present application in view of 
the reasons that follow. 

II. Amendments to the Claims 

In the office action, no new claims have been added or amended. Upon entry of this 
amendment, claims 13 and 15-24 will be under examination. 

A detailed listing of all claims that are, or were, in the application, irrespective of 
whether the claims remain under examination in the application, is presented, with an 
appropriate defined status identifier. 

III. Rejection of the Claims Under 35 U.S.C. 103(a) 

Claims 23-24 are rejection as allegedly obvious over the '420 patent, in view of Goto 
et ah In particular, the claims are rejected because 

[i]t would have been prima facie obvious to one of ordinary skill in the art 
... to perform a method of inhibiting B lymphocyte activation (by killing 
the lymphocyte) for the treatment of an autoimmune disease, comprising 
administering a monoclonal antibody, as taught by the ['420] patent, 
employing the humanized monoclonal antibody HM1.24 which binds SEQ 
ID NO:l, as taught by Goto, T., et al. as the specific monoclonal antibody. 

Office action at 3. Applicants respectfully disagree. 

To establish a prima facie case of obviousness, there must be: (1) some suggestion or 
motivation to modify the reference or to combine reference teachings, (2) a reasonable 
expectation of success, and (3) when combined, a teaching or suggestion of all the claim 
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limitations in the prior art references. See MPEP §2143 (Aug. 2001). "Both the suggestion 
and the reasonable expectation of success must be founded in the prior art, not in the 
applicant's disclosure." In re Vaeck, 947 F.2d 488, 493 (Fed. Cir. 1991). 

Goto describes use of an anti-HM1.24 antibody to identify a marker of late stage B- 
cell maturation but does not teach or suggest administering the antibody to inhibit lymphocyte 
proliferation. This deficiency, however, is not taught in the '420 patent. 

The '420 patent demonstrates that immunosuppression can be established by the use 
of antibodies which bind epitopes that are specific extracellular regions in 5 membrane- 
binding types of Ig molecules. See the '420 patent at col. 3, lines 10-30. In other words, the 
'420 patent describes that migis-8 and -|i antigens are useful because all B cells pass through 
a stage where they produce IgM and IgD, and that migis-y is useful because a large amount of 
IgG is present in an organism and any antibody whose epitope is migis-y is useful to any IgG 
subclass since the sequence of migis-y in 4 subclasses of IgG are the same. The teachings in 
the '420 patent however, do not extend beyond targeting migis epitopes and not all B cell 
epitopes are migis epitopes. And since the presently claimed invention does not recite the use 
of the membrane-binding type of Ig molecule-binding antibody, there is no motivation to 
combine the cited references with a reasonable expectation of successfully employing the 
antibody recited in the claims in a method for inhibiting lymphocyte activation. 

Furthermore, as previously stated, the '420 patent describes cytotoxic activity as a 
preferred embodiment of immunosuppression (see '420 patent at col. 6) but doesn't describe 
methods other than cytotoxic activity as a means of immunosuppression. But as stated in 
applicant's last response, the presently claimed invention does not recite the use of such 
cytotoxic activity. 

Therefore, for at least these reasons, the obviousness rejection should be withdrawn. 

IV. Rejection of the Claims Under 35 ILS.C. 112 

Claims 13 and 15-22 are rejected under 35 U.S.C. § 1 12, first paragraph for allegedly 
failing to meet the written description requirement. In particular, the claims are rejected 
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because "the specification provides insufficient evidence that the antibody employed in the 
claims could bind T lymphocytes as is required by the claimed method." Office Action at 3- 
4. Applicants respectfully traverse this ground for rejection. 

Goto et al. describes using peripheral blood obtained from a healthy person and 
stimulating it with PWM. PWM is a creatine molecule often used as a mitogen which 
stimulates immunocytes, similarly to Con A and HAP as used in the present invention (for 
example, see, the enclosed Clinical and Diagnostic Laboratory Immunology, 1998, 5, pp. 105- 
113, APPENDIX A). But according to the result obtained using the PWM stimulated 
peripheral blood, expression of the HM1.24 antigen in the peripheral cells was not observed 
until 10 days after stimulation. See Goto at page 1926, right column and Fig. 3, at page 1927. 
The applicant considers that Fig. 2 does not refer to T-cells. 

It was later revealed, however, that the binding difference could also have been caused 
by a difference in the threshold setting of FACS used in the analysis. In fact, afterwards, the 
molecule shown as SEQ ID No: 5 was internationally recognized as a cell marker, and an 
authorized expression profile was described in literature (see, the enclosed Cellular 
Immunology, 2005, 236 pp. 6-16, APPENDIX B). According to the expression profile, it is 
clear that both inactivated T-cells and activated T-cells express the HM1.24 antigen (see 
Table 5 on page 11). 

Lastly, the tested cells in the Goto reference were not concentrated by purification as 
T-cell fraction while in the present invention, the concentration was carried out. Therefore, 
the sensitivity in the Goto reference was too low for detection. 

Therefore, for at least these reasons, the written description rejection should be 
withdrawn. 
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CONCLUSION 



Applicant believes that the present application is now in condition for allowance. 
Favorable reconsideration of the application as amended is respectfully requested. 

The Examiner is invited to contact the undersigned by telephone if it is felt that a 
telephone interview would advance the prosecution of the present application. 

The Commissioner is hereby authorized to charge any additional fees which may be 
required regarding this application under 37 C.F.R. §§ 1.16-1.17, or credit any overpayment, 
to Deposit Account No* 19-0741 . Should no proper payment be enclosed herewith, as by a 
check or credit card payment form being in the wrong amount, unsigned, post-dated, 
otherwise improper or informal or even entirely missing, the Commissioner is authorized to 
charge the unpaid amount to Deposit Account No. 19-0741. If any extensions of time are 
needed for timely acceptance of papers submitted herewith, Applicant hereby petitions for 
such extension under 37 C.F.R. §1.136 and authorizes payment of any such extensions fees to 
Deposit Account No. 19-0741 . 



Respectfully submitted, 



Date 



By 



FOLEY & LARDNER LLP 
Customer Number: 22428 
Telephone: (202) 672-5569 
Facsimile: (202)672-5399 



Stephen B. Maebius 
Attorney for Applicant 
Registration No. 35,264 
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Immune Function in Healthy Adolescents 
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Z?qwwwi; cfftychwfy UMDNJ-tiw Jersey Medical School, 1 and Department ofNwostieme, 
UMDShOraduatt School of Blvmedlcal Science, Newark? Nov Jersey 

Rttdvtd 12 March lOT/Retmcd for me^tfentKm 20 May 1977/AcOCpted 23 September \W 

lu ike prcstnt study, examine lmmnnoloelcfl] Jbwctioning In normal he&lthy AMosm^Amtticari and 
Latano/Latlna ifttacnu i«mM from an inner-dry Ugh school and an innercttjr cUnk. A battery or t«U 
was performed 'with «jntmerative> and /nnciiooal measure* which encompassed both Innite and adaptive 
immunity- Wc found immune differences related to age, gender, and race on both (hi inomerative and the 
runjttionai immune measures, this data txpanos tne available body orinfbrmaPon concerning normal Immu- 
nity id healthy adolescents. 



The hnmubc system has most often been studied in relation 
to disease), and much of the normative data has been compiled 
by considering various control groups in different Studies. Fur- 
ther, while tiler* is considerable data on immune parameters in 
Caucasian adults, there is much less date available for other 
age groups, iuch as adolescents, and for other ethnic groups. 

Some researchers have reported normative immune data 
when smdying di$e*$o processes in adolescent populations (3, 
U, 31, 35). However, since the focus of these studies was not 
normal sra&jdcte* the description of the normal controls as well 
as the small] number of subjects limit the usefulness of tins 
work for providing normative data. More recent studies have 
begun to provide some selective normative Immunological data 
with normal; httaUhy adolescent subjects. Foe example, in one 
study entimeratjve (cell phenotype) data from 112 predomi- 
nantly Caucasian (74%) healthy adolescents (ages 13 to 19) 
(40) was examined, while in another study the functioning of 
polymorphonuclear leukocytes in SB children (aged 6 months 
to 15 years) (15) was examined,. Although these studies are 
limited by (be fact that they were footed on a single immu- 
nological variable, they are a useful beginning in understanding 
normal adolescent immune status. 

The present study was part of a longitudinal study of behav- 
ior) mood, vfud immunity in inner-dry minority adolescents. 
We evaluated 206 healthy African-American and Hispanic ad- 
olescents, utilizing fresh blood cells and a battery of immune 
assessments which provides data on enumerate and (uncv 
tional immunological measures. The measures Included total 
leukocyte count, counts of both granulocytes and lymphocytes! 
and counts of subsets of the lymphocyte populations, including 
those shown to have implications in certain disease states such 
as human immunodeficiency virus Illness. The functional msa- 
aures that wore chosen involve In vitro assays only. Therefore, 
no exposure to antigen or other invasive procedure was nec- 
essary. This was thought to decrease subject risk and Increase 
participation of subjects. 

This data h characterized In terms of the relationship* to 
age, gender, and race within this selected population of healthy 
Innerdry youth. Normative data from this type of nnder*stuo> 
ted population has become increasingly important with regard 



* Carxe&padding author. Mailing address: Department of Psychia- 
try, Admlflttratioa Qsicpleit, Bldg. H UMDW ? New Jersey Medical 
School, 30 3ergen St, Newark, NJ 07107-3000. Phone: (Ml) 972-6385, 
Fax (973) 972-8305. E-mail: bartleja^dl^du. 



to immune-related diseases* Since the advent of diseases such 
as AIDS, the need for knowledge of immunity in adolescents as 
well as the need for following the progression of this or other 
dijeaftt states in tfiis population has increased, 

MATEIU^WAJSPMFrnOM 

SdiytCR Thk |t?$ TC* approved by the Ingltutton&l Kwfev Board of 
UMDNJ-Ncw J<*mj Madleal School. Infonwd consent from votyectl 1$ pan 
of #|e *»d infom^ M**r* from subjects under 18 yea* «rf «Uh Jofow<»J 
CO&l^at fioin I parent or guardian were obtained. A total of 331 adolescents 
ra»pn$ tn)n U to IS **a« of a$e partkipaled la the Bf*tt0t#Co<Jy. All subjects 
wcit r^cntiWd at put of * pnjjtrt aste&mg behavior,, immunity, and health. T*a 
bundled thirteen objects were randomly recruited from a local ptiblle high 
ttbuoL O0v hundred eleven coaseoitiTC adoktttaU who were attending an 
adoJefteent mtdJcioe tfiflie tot a routine physical eiAmiilitioa or fcPow-up for a 
mmw mediul ttftditioa wore also recruited. Seven wbjecto w«re pe«r nfeovlSr 
AD p^hp.-»cbt (l.fr hf* W»d to) aad sctejtaiice u» (r^ aloOluil aod U»- 
baoce) dsU were obtained, in an interview format 

A medical histetyt review M mtcms an4 vital agm were obtained* foteatnJ 
subject* ««e if they tod chfoalo dllOEus likely to have stfbst&ntiB} 

on immunity (t^., Beopdkutic, ettluerte«« W imnuu disurden) or if Uxjr 
were toXihg mediBJOtOfU) w|lh known hmninuilOgic fiffcat SttbJcCLt wiUl ftftJl* 
io/«ctlons were defenod from study until mtfr ^Bf4oms weie resolved. Subjects 
presenting with otter nodical conditions, such as recently roolvod minor mfec- 
«kMW, or wfth otber port disorder wiih possible tirnnvuw affvcltt (fi^, mtena) 
w*m «tu>&cd but Dot tndoded in these BiuJyiwn. Tb* ftdofeux&t with 

dlnicilly apnarenx mental xetaroatforj, significmt ucwlode deficits, sdiizuphrc- 
oia, or <tubttaHM »hvia or dependence deorden was oduded. 

Medkd pimp ewlwtUm Eacfc iuhjut was screened by a trained rosolioh 
Krot>m wiih tt» ll^iH Sywptoma CheeWiji (18> Yi»1 *>'p» w (rt colk<*ul id 
(he time Of venipVDrtWi. Afl TnwJiwDy wlevint dam wvJewtd by thfl phjn 
sieians (JAB., SJi. and B.R^^who made the final consensual Determination 
«r Iht tubjecte' me4ibil >Ulus. SuVjwOi wftiv eifttiliied inlO OoA of lie ibJIOwinfc 
three medical groups: 0) healthy (tbbjeet bad no medical problems and w not 
taking any modlfiltttm) 1 , (C) P"nttr nodical problem (Subjtd had m&d medloil 

fiym^'onv I'ueb as a cough or r\mny W had had fever within the past week 

Jvenipwnrture wm defetml la mihjlJSl* current fever], Or Kail akin nttdl^ 
atum for a cold wifiuo the pui 2 w«cki){ W (iii) medical prabtm (sabjaX was 

found to hove mora significant chronic or current medical problem! eenddored 
likely to be tstfodaiod with altered immunity). This last group consisted mal&ly 
of asmnuto who* ill the past year, bad had an asthmatic attack or utQhed 
aMuttOimaik mediation and of *dok««li *Uh a history of a recent iafcction 
rtqulting anUUotra tbertpy, or u>e total 331 adoicsccntt fudlod, 206 wort 
ctassifjeo' in the healthy |rttup prior \n the wiwb of any dita. On»y the subject* 
la the t*c*hNy atoup were included la tho pn*(yscs to he deserihed. 

trnmunoloeica) eratuatkm, All assays were carried out blind to the subjects* 
medical ititui Blood samples wcro coDoaed in a heparinized syringe (pxesef 
vilivc<lrec heparbi). Ail the icsulb herein WfC obtliocd rmn the same veni- 
punctote for each subject, Total leoXocyte sml dlffcrenthl e»w)ts were per. 
formed by Ma&datd techniques, rbenotypk anoryiN of lymph ocytcj, monocytes, 
An^s grmriul^tcj wta pe/fofmed with hepadnned wbole blood Mftflonudenr 
oeJH were separated from whole blood by cantstAqptlon on a Roan'fypaque 
gradient. These ceib were used to assess injtogeJHr*d)Kcd lymphocyte sthnula- 

tkm &Dd natural killer (NX) ceD nmction. AddlaonaDy, gmuloo/tic function was 
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d dumbed toi pannbcytea which were isolated ftw the rCmamme tUrthr> 
oytwbyapocoBgraoJcTrt 

Cell nbaioWes. CcU phractypes we» incased by flow cytometry with ihe 
Epic* I Ph>fU» Tlw (Oh»W Innnuucbgjt. Unto. >1&*). Ail mosooktaftl aott- 
bodio were difWy OTtfugpted and obtained froa Coulter lmmwtpt$#. 7b* 
int bodies wtlCwll Wed » oenctntrattOn* Of 10 p2 per 0-10 ml of whale blood 
Oprcp tcchnojfcgy was then utflte*id to peces the ampins for cytometry. 
Briefly, 50 pi of KprinUwi wkoUbJood «ai add»d to 200 of U» appr op&te 
mfeenba or IBfflcrum combination. Saj^lejwtrc motf»tcdGBictfor45 min, 
and then the er/u\rocyl«l were lysed aid the pMpa/nolDn was winded ts 
pAra&nxialdEbyjie littd KboAib fluid, Hk mwwctwial antjbodio uCU&ed fpr fat 
fallowing ^ite Jre mdiuted to parentheses: lymphoeyUs (CD45) (KC5G-flm>- 
recem Isofli^wto), inooocyiea (CD\4) (M02-RDI), md jranuJocytci 
(CDIId) (fbrwird rod ode scatter, no ifttfoodto), T oeDs (CD3), B cells 
(CD19X KfC cefc (CDto\ T helper cda- (OX), T-ccH rapprtwfcytotoxfe T 
odh (CD?), T^di swpranor. Inducer (CD4 plus CD45SA), T h«tecr cell in* 
dvcer (CD4 pit* CDS), aod activated T *lh (CP3 plus HLA-DR, DP, *nd 
DO). ; 

Appropriate filter combination* were used to simultaneously nrasure emu* 
xton* from u^orc^ccirj iarfhiocyanaic And phosohaiidylethaBcJamto*, Gate* were 
ttfcatd with fujward and OT-anjle figM scatter to Atloct the ceil population of 
Interest A nunlnnin of 1,000 Otto wvre included in each VSAfyas. The color 
eojnpcowticn WW pcrfannodtynanwiirt^ tfc* pwoenlag* of Fli Sctfl k 

the Ft? (red) ui& conversely, the percentage of 712 seen In the HI channel For 
this octcrinina&nL CDOTTCI and CD&KD atffiad as staining control 
Jyinphocytei R&dy, FU bad 0 *o 3# gf F12. whflo F12 had 3 to 5% of Pit 



TABLE L Dftmoeraphic data for «Mtt|«d« in this study 




xu-^ett^ vu mtitttott^ re**tww Kj^pmum m» ****** m;, 

Tiuyet K5& «0U* WOT* mauktkmMl by pag^^g ***y 2to3 dny^. CcU V^AbJOJty 
was always >9df$. On lh* d*v of sss^, target Cell; arc poQectod, washed, and 
bbekd with SCQwCS of ^Crw J hat 3TC Target etilt *rt then w*td three 
times, and L0 4 wjjls are pitted is nicratiter plMe welll The NK Mils »re isolated 
froni the whofe ^l£>Od IS deiCqbed *hon and prepared hx 3 <Eh)tknis in RPMI 
wiiL 15% uouml huioatt Mtrum. TVe final cQnt*ntf9tiQlB of NK cells are 23 x 
10\ 50 X a{d 100 x ii) 4 . Tbfc pro»Ie« three cffcctor-to-tftr«el ratios (25:1, 
50-J, ami 100:^1 The mixture of target cells tnd NK ctfls Islheo tecublted fin- 

4 al 37*C The tnk^UtCI pfate* Qxm CDHQiA^d, aod tbfi mprnwUnl hvm 
vmH well Is o&seised for M Cc afltivirj. Ttu we data lv ^vented as ptnontaga of 
specific cytotaxiciry (bu Pats ftaary&tt). 

Giannbcyte aeCtUy. C«<wtocyte actfrfy was agewed Vr rtf nJnlnfi both Ibe 
phagocytic and ttillm§ frt>3hy of ^aovl<xyt<4 «««ord)AS ttt th* flUlbod dcocriVwi 

by Weir (41), w$b the foDwtes ntfKfifimrlDQs. After »eptratbo of lha Jyn^ho- 
cytes from the jicriphoral blood by a Pi«v^J-Jyp*que j^ndlcnt, the granulocytes 
were <cparatcd from the erythrocytei by » pcrwD gradient The granulocytes 
were incubated with optonlud StaphyiococaiJ eua*u* tea 20 mfa- The iricubAiftm 
tnirtuit W2i gefitrifv>A^dt fcfld ibe Liiij^zagwylizJ^d J. ejtrrui wa^ wadicd out with 

cold RPMI medium, OrtAofocytcs were revuep^ded in RFML and allquoti 
weir prpared ftjir fUrt^wr procewn^ One aliquot wa* «AMeuad bin^dlaUily to 
Sie ph«««trUc: ahQiry of the granulocytes, Two aliquot* were ineubatcd at 
3TC to UKOV )djSng ability, ami two atiouotl were mcubaied fee (V cootroU. 
At rimf lnhi tfrfl ?-h rwwtififtihin^n wtf)i ,y Annan, th^ yctoulflcytei wiw lywd 
with 03% bovirle |4rum flOburaio b dstDled watar and plated an blood a£U 
plMeiL Tho plains wete benboted at 37*C for 2* h. Tlo number of colonic* tvas 
eolinied; etth represents an ingested S, anrtttt btaerinm. DiSercnoca bctffoon 
iKt ovmben oi cokmiex at 37 aod OX represent specific Wiling of bocteTia. 

Oata an&4ystai Data were first FMltfy*. dcscnplivdy Ibr di$tnbuUOQ ; uteam, 
and varfanee. Multivtfiaie models defined a priori were tested by regttcaion 
wtypoL Fur cadi ana]y*ij of t&c enHmsTztrve mcnstite^ wo cniplDGd rLe 
contribution of age, sender, or race, oOBtrotDiag for the oUu* two Enables and 
for the total louJtocyta couAl (WBC) (Annulbmaottif not hiemrchcnl), with nnnv- 
bcr of leukocytes coVaficdL Per tht mitogw ittposxe. NJC ceD activity, and 
granulocyte actirty, wpC «a» not laeluded in On model. All tcs» were two- 



The mean of (he hijhett two rapcagei to eaoh of Ibe mitogens and the meaa 
of the twg hl^teA effocSor-tO-target killkg nttoi fo/ NK. cell activlTy wefo 
v^liwd to &nm d^pendcat variables for thaw rcgitafem amiy^u Ato, «c 
emmined the NX ecJ! ^twiiy ™lu both is Jptcifte killing and U the number 
Of lytfc units, we have ptooitcd the data as perwnlAAt of RilGog *W Wvml 
reasons. Hrs^ the use of tpeddp tilling was doser to (he raw ft>u and less 



CharactefbUc 


fcrftftlo 
tfl - iu&; 


Male 


Total rsmflt 


African -American 


83 


9^ 


177 




17 


22 


29 


Age (mean X BD> (yr) 


15^ 




m 1 1.7 



man^mlated axtd ajjowi (fired iucpecdOA of tfM l«»el« of «p«ci(|c eylote^lclry* 
Secondly, not all of Cv dita fits i^e a^umpthmv reovbed for r/tic unit trans* 
fbrmatioa and foquln* cither the dropping of paflloulai daJta pointy the droo- 
pfng of partieular catta, Of tU truncation rfthcdala-r^noof lh»opttoi«»t«K 
TRefenbte to tbo piesentaticn of the dbto As parcenrapof kflling. 

The gnumlocyti activity ajsxy was initialed to tba TatUr jwrt of the sttfdy* 
Howmr, svSctent numben of adolescents were studied to permit anaryais of 
this dntB (ft - 96). 



RESULTS 

Deniogtapliic* As show) in TfiWo 1, xhw were 100 nifties 
and 106 fentalcs in thfo $mfit of healthy subjects {n * 206). 
The sample ym comprised of 177 (83 female) A&ican-Amex« 
icaos and 29 (17 female) Urjoos/LatiBas. The mean age i 
Standanl deviation for the entire sample whs 15*8 X 1.7 years. 
The mean sgc of the males ww 15,75 ± 1.81, and that of the 
fetnalftfl was 15.83 ± 3^5. Th6 age distribution is presented a$ 
a function offender in Fig. 1. The age* gender, race 
distributions provided sufflderit power to allow ns to meaning- 
folly assess their contribudaw to the variance of the Immune 
measures. 

Immnne mmu^, Thd findings for the entire Sample arc 
presented in Table 2 and Fig. 2 through 4. The enumcrative 
measures ore presented in Table 2 both as absolute number of 
cells present and as t percentage of the total WBC The dose- 
response curves for each of the three mltcf en$ are shown in 
Fig. 2. In Fig, 3, the dose- response curve pf NK cell activity at 
the three effectof-to-target ratios utilised is showo, In Fig. A, 
the killing of S, aureus (at 37°C and on ice) by granulocytes is 

presented. 
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TABliJ 
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1 Total* for peripheral leukocyte meaolttl for 
entire sample 



VitUM* 



UuXocytes 7.11 £2£X 

Lymphocyte* 1,57 2 034 37.25 * 9.71 

Graoubeyti* 163 1 LIS 55,99 ± 1035 

Monocytes 0.29±0,tt 6.68^138 

Tlymplwcyte* 1.22 ± 0,46 76^5 - 8.48 

B lymphocytes 0.23 a 0*13 15.29 ± 5 

CD4 1 lymphocytes 0.69 ± 0,27 4198 ± 73fi 

CDS* lympnofttes 033 i 0,16 20.95 ± 5,46 
HcJptt-ltrsuppreWfor ratio 23 i 1 .0,07 

Clife* lymphbcytw (inducers 0i9 s 0.15 17*44 ± 6.63 
of help) : 

CD45RA* iyApIiocyltt 034 £ 0.17 21.12 ± 6.67 

(induccn oJci*ppt*«ion) 

CD56* lymplibeytcf (NK cells) a07 ± 0.08 419 i 432 

HLA-PR* lymphocyte* 0,10 x 0*06 5.87 & 3 .79 

(activated T;cdb>) 



Etfecfc ofaga, gender, and race. We examined the contribu- 
tions of age, lgender f and race on the various immune param- 
eters, . ! 

(i) Cell ph£iutypt$< WPC was positively corre- 
je (partial r = 02S ( F < QjQDl) (Fig, 3), Age also 
p the percentage of CD29 + cells (F - 3-25, P < 
\ with older subjects having a higher percentage; 
\i (F « 231, F < Qj03) and percentage {F = 114> 
F < 0.04) of B cells* with younger subjects living higher 
values; and ti> the percentage of NK cells (F = 2J4, P < 0.03), 
with older subject* having higher percentage*, 

(Si) Mtogenrfnduced lymphocyte stimulation. For the pro- 
liferation assf*)^ there were no significant effects of age on the 
mean lymphocyte responses to the mitogens ConA {F ~ 036, 
P > 0.10), PWM {F = 1,17, P > 0.10), or PHA {F = 1-fiO, F > 
0.10), 
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PI a 3. DoawapoCM ewvea of the NK etU ktiltoj at tf« three cSrrf&Mc 
tai^M ratios. Data is prcttftttfl a th£ ftt&in ± the «ixiMhn! error of tte tttaa 
(« = 200). 



(lii) NK cell activity There were no relationships between 
age and mean t*ll cytotoxicity (F 0,62, F > 0,10). When 
the number of NK cells was ako controlled, this relationship 
did not change substantively. 

(rv) Granulocyte activity. This assay was initiated In the 
ktter part of the study. However, sufficient numbers of ado- 
lescents were studied to permit the analysis of this data (« = 
96). As seen in Fig. 7, there was a significant decrease in the 
phagocytosis of S. aureus with Increasing age (F - 333, P < 
0,01). In addition, after peaking wDen toe subjects were age 1 4, 





FIG. 1 Dose-*0«f*juo ftuvtt of the lymphocyte* to each of lb* thfOO Wto- 
piu (GmA, PHA, and FWM), JJata has beta kfc taadbnswd sad is presented 
at to mttn ± tie wtodard caw of 0* mean (a - 206). 



1 Hour 2Houro 
incubation Time 
PhagocyiMia - 1 13.67 ± 6-W 

FIG. 4. KHUog of 5. ounui by pol/morpbOTiucIear grsnubcytcl Dfit» h pre- 
sented 3» lhemean t the standard eiror of the mean (n 206). 
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FIG. 7. Number of £- diuar cdli phagocylhsd ai ft hmttton of ?ge (P < 
OJW). Dm a presented as the tteM t tpjidftril error of (be mean (b - 2n6). 
Tbfi 12- tfld l>yw-ctfcl *ubjtct$ were combined due to the «n»Jl number of 
5objrct5 In (live ("o group* 



the percentage of bacteria killed atlh(F» 113, P «L04) and 
2 b f/ « 2.95, ? < 0.005) declined with age (fig. 8), 

Gettdftf effects, (i) Cell phanotypes. As showa in Table 3, no 
difference in total WBC or in numbers of lymphocytes, gran* 
ulocytes, mo oocytes, or NK cell* was found between males and 
females. There was a significantly lower percentage (but not 
number) of T cells in males than in females (F * SMS t P < 
0,0001). The number of B ceflR {f « 3.«, f < 0.0009) was 
higher in mfflcs, as wa* the percentage (F = 1M, ? < 0.04). 
There were significantly lower numbers of CD*"*" cells In the 
umltj adolescents than In the female adolescents (P ^ 1^4, P < 
0.03). Similarly, there was a lower percentage of CD4* cells 
among males than amoog females (f = 5,85, P < 0.0001). 
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FTG, i remc^eofCD29^(mducef^>ielp)aftfunc(^or«t^(mean± 

rtandud Enor^jjaniiJ r, Oil, f, 0-001, 



Additionally, the percentage but sot the number of CD29 1, 
cells (Inducers of help) was lower among males than among 
females (F = 25^ F < 0.02). Further,' the helper-to-Buppres- 
sor ratio was higher in females than in males {F = 2.44 f P < 
0,02). No other differences in numbers or percentages of cells 
were found, 

(ii) Mitogefrlnduced lymphocyte stimulation. For the pro- 
liferation assays, there were no significant effects of gender on 
the mean lymphocyte rcspoam to ConA (F ~ 0.40, P > 010), 
PWM (f - 1,50, P > 0.10), or FHA {F * 1.27, ? > 0.10). 
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FtO. & Tbe (Kttcnugc of £ *uma cell* fcflJad » a fluwtfon of *ge (/* < 
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11k )i «nd l>ycar-ol(J subjecS were combined due to the small number Of 
subjects to these two groups. 
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TABLE 3. Peripheral blood JcuVocytc measures by m* , 



No. of wlb (lOtyinI (mean * SO) 



subjects 



female 
subjects 



Lfcukocytct * 
Lymphocyte* | 

Monocytes ! 
Tlymphoqrt^ 
B lymphocyte* 
004* lymphocytes 
CD8 + lymphocytes 

CD29* lymphocytes (Inducers of help} 
CD45RA* lympb^Tt^s (inducers of 

suppression) 
CDW ^ynpfiWcs (NX celfcj 
HLA-DR* lyfcpWytes (adiYRlnd T cells) 



6L92±ltf 
1.55*0.52 
4,25 ± 1.91 
0.51 £023 
D7±0jM 
0^ £ 0*14 
0.63 2:0,25 
Q33±0Jg 



7.28 ±280 1.44 >0.10 
1,38 S 0*53 0.83 >0.l0 



434 2-2.01 1,45 
0,49 ±021 
U7±<U5 
021 2 0.11 

074*0*27 2.24 

0:8 2:0.14 0.75 



>0,10 
1,20 >0.10 
0.77 >0-10 



3.43 



0.0009 

arc 

>(U0 



0*27 ±0.15 0*30 ±ai4 1.17 >OlO 

033 ±0.17 035 + 0.17 0.W) >U,J0 

0,06 * 0*10 0.06 ±0,06 L56 *U0 

0,U-t0,O7 0*09X00)6 1.79 0.08 



Mold % irttoeytes + SD 





PcQUlC 


F 


P 


38A5 3SD.U 


30*20 = 9.45 


L56 


>0,10 


54JB 2.1036 


$635*10.30 


1.7B 


0*08 


6.07 ±X07 


6.71 ±2,72 


1.00 


>aio 


7348 ±9.01 


79.50 ±4-74 


5*08 


0.0001 


16J3 + IS34 


13.71 ± 5.01 


2.14 


0.04 


40.16 ±7.09 


45.64 ±6*71 


5*85 


aoooi 


20.78 + 5*31 


2QJWS5J3 


a_23 


>0.10 


112:2: (WW 


2,47 ±053 


144 


0.02 




18,86 2: 6.13 


234 


042 


2O30S&65 


21.88 * 6,63 


134 


>0.10 


4,81*5.12 


3.73 1 3-56 


1.72 


0.09 


647 1 4*48 


530*3,29 


1.4S 


XU0 



(iii) NK eel! actirify* There was no significant relationship 
between gender and mean NK cell cytoioljdciiy (F = > 
0.10), Whenlnumfcer of NK cells wfiS controlled* these results 
were not altired {F *> 0.82, P > 0*10), 

fnO Gra&ipocyte actMry* There were no gender -based dif- 
ferences In granuJocyte phagocytosis {F = 0.74, F 0*10) or 
killing activity at 1 (F 0.15, F > 0.1(1) or *t 2 h (P * Oj^ ? > 
0.10) of inculbatioiL 

Jtaet «ffe«i& (i) Cell phono typ«. Th^ awocistfone between 
race and coll; numbers are presented in Table 4. WBC differed 
with race, befag lower for African-American* than for Latinos/ 
Latlnas [F =13*85, F < 0.O0Q2). African-American* had & lower 
number of granulocytes than Latmos/Latinii* {F ■ 2,02, P < 
0.05) and tended to have a kiwer percentage of granulocytes 
{F = 1.72, ^ « 0.09), African-Ameiicans also had a lower 
percentage {F = 2,10, P < 0.04) but not a lower number (F = 
1.48, F > 0-10) of HLA-PR* lymphocytes (activated T cells) 
than did Hisjwnics, 

(ii) MJtogen-iitittced lymphocyte stimulation* For ihe pro- 
liferation asshys, there were no significant eHocU of race on the 
mean lymphocyte responses to CanA {F - 0*22, P > 0*10), 
PHA (F - 131, F > 0.10), or PWM [F = 1,27, P > 0 JO). 
However, foir FWM, African-American adolescents dlflcrcd 
from Latjno^tatina youth In their dose-reSponsc curve (F ■ 



9*39, df = 2 and 320, F < 0.0001) (Fig. 9), Wbilo the African- 
Americans seemed to show higher proliferative response at the 
lowest dose> the Latino/Latina adolescents showed higher pro 
lifcRtion at the two higher doses. 

(iu) NK cell ftdtrvirjr* There were no rdAtfonriiipS between 
race and ceU cytotoxicity (F * 0.51, F > 0.10). wlm 
number of NK cells also In the model, the relationship re- 
mained nonsignificant 

(lv) GranuJQcyi* activity. As e«*n in Fig, 10, wca aftectwJ 
granulocytic aCtMry. Hispanic adolescents fihowptJ a higher 

percentage of lulling lhan did Atrican American adolesoent« at 
1 h (F - 2J2, F < 0.03) and at 2 h (f = l>87 f P < 0.07) 
incubation. 

Substance use effects. As adolescence is a thne of psycho- 

Micial 0$ well w> physical chanje, with frequent tspcrimehla- 
tion, jncluding strfwtanoe use, which can affect immunity, we 
did preliminary analyses to assess possible effects of alcohol 
and drug use on the h&rxrane parameters herein. Behavioral 
data consisted of a self-report of alcohol and drug bm during 
the day and week preceding venipuncture *md a self-report of 
the average number of dgarette packs the subject smoked 
during the past year. As substance abuse was an exclusion 
criterion, and as these students were cither in school or actively 
seeking health care, the incidence of substance use was. quite 



TABLE 4. Ptripber&I leukocyte meutfures by race 



Variable 



Afnw n- 
Amencao 



Leukocytes < 
Dnrpbocyta . 
Granulocytes 
Monocytes 

Tlyffl^ocytiS 

B rymphocyics 

CD4* lytnpliocytes 

CD8* lyn)ph(X7tci 

Eelper4o«uppiessor r&tlo 

CD29 4 lymphpcytes (indncert of help) 

CD45M* Wpbocytes (bdycers of suppresskm) 

CD56 + lymphocytes (NK cells) 

HLA-DR 4 lymphocyte (activated T cells) 



6.75 & 2.71 
lJJ4±0i4 
4.12 2 1,94 
0.4&*Q*19 
1.20 ta45 
0.21 ± 0,U 

03210J5 





F 


P 


xiibjctu 






9.07 ±2,69 


3JB>$ 


0.0002 


1.70 ±0A6 


1.71 


0,09 


5.78^2,01 


2.02 


0.05 


0^B ± 0.32 


0*2^ 


>0.10 


134 ±0,39 


L20 


>0A0 




2.33 


0.03 


0.75 Z 039 


1.01 


>O,10 


035 * 0.11 


1^1 


>O.10 


0.35 ±0.16 


0.19 


>aio 


0 39 ± 021 


0,07 


>0.10 


0.114 0.14 


1.79 


6.08 


0,13 z 0.0 ft 


1,48 


>0.10 



LaitiBC/LatiM 
subjects 



3823 ± m 
54,14 X J 0.43 

6.90*2,44 
76.46 xm 
15^9 ± 5*82 
43.02 S 7*25 
20.84 3:5.43 

Wl ± 0*84 
17.17 i 6-63 
2QM ± 6J3 

5,62 s 3*95 



3122 £ 8*28 m 

6W^8i3 1.72 

<U8 2:239 0,48 

m03 3t8,l6 L10 

14.18 ±6.89 1J2 

43.09 X 831 035 

20,80 * 5 A3 OS! 

232±L18 0M 

19^6 2 5.75 138 

ZL29±8& 0.90 

530 ±4.2? 0.70 

7.52 ±353 Z10 



>0.10 
0.09 
>P.i0 
>0-\0 
>0.10 

>aio 
>aio 
>aio 
>o.io 

>0J0 

>aio 
0.04 
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WO. 9. Lymphurytc proliferalira m KSpOftM to fWM tynw(f< 0,0001). 
Dai* hw bcca tag traulonnvl nmt Is pvTcatcd as tbc mean £ MODdflXd error of 
the rocftn ^ - 206). 



low in our sample. No subject bad used alcohol or drugs in the 
24-h period prior to vcnipuACTUte. In the preceding week, 6% 
of the subjects had used alcohol, varying from one to two 
gl asso? of wiie or hard liquor to 1 to 40 beers (one subject bad 
bad 40 becrslmore than 24 h pr^iousry, while the next highest 
number of bpers that hod been drunk that week was 4). The 
only drug the subjects reported using was marijuana, with only 
one subject reporting this in the week prior to venipuncture. 
No other subptaace use (except that of cigarettes) was reported 
for the week! 

The only immune measuro affected by Any of (he reported 
Substance use was the killing of S. aureus t which was inversely 




1 Hour 



2 Hours 



Time 



F3G, m TVperceatosecfi wwoeJIs WW as a function of race (f< 
0X5), Ho (Utjil* preset u the mere 2 standard error c/ the TOW) ^ " 106), 



Cun. Dia^n, Lw. Immunol 

associated whh alcohol use during the week prior to the vcnl* 
puncture (data not shewn). 

DISCUSSION 

This study of immunity represents the largest reported sam- 
ple of normal healthy adolescents to date* This data demon- 
strates differences in total WBC related to age and race; dif- 
ferences in lymphocyte Subtype counts related to gender, race, 
• and age; differences ») PWM response related to race; differ- 
ences In granulocyte phagocytic abflrry related to ago; and 
differences in granulocyte bactericidal activity related to both 
age and race. These findings contribute to the literature con* 
cerning normative data on adolescent ininranology. Further, 
these findings provide information on enuninratrve and func- 
tional measures of both lymphoid and myeloid ceils as they 
relate to age* geader, and race. Wc found almost no effects of 
alcohol or tobacco (when reported use was minimal) on im- 
munity In these healthy adolescents. This data provides impor- 
tant descriptive information on adoteront minority popula- 
tions who art represented only minimally in the normative 
data available to date. Thfc data will he a useful measure of 
comparison when minority adolescents with uumunt-related 
prphteras or disease are to be attested. 

This data expands upon the work of Tollerud and coworker* 
(40), who assessed lymphocyte subset numbers In 112 healthy, 
predominantly Caucasian adolescents (mean age, 15.4 ± 1.9; 
range, 12 to 19 years). Our mean age and uge range wcro 
almost identical to those of Tollerud et al. (15.8 ± 1,7 and 12 
to IS year?)* Tbc population* investigated were differed «a fii 

as racial mix. With respect to the immunologic measures In- 
vestigated, we included functional as well as enumerauve mea- 
sure*. However, our cnumeradve findings are similar to those 
of Tollerud et al_ With regard to gender differences, in both 
studies there were greater numbers Of B cells (in (he peripheral 
circulation) in males. Both studies also suggest racial differ- 
ences in emnnerative measures. Tollerud and coworkers re- 
ported increased numbers of B cells in black males compared 
to those in Caucasians, similar to our finding of higher num* 
bers of to eclb in African-Americans compared to those in 
Latinos/Latlnas. Further, Tollerud et aL reported that their 
older adolescent female subjects had a higher proportion of 
CD 4* cell* than the older adolescent males (ages 17 to 19), 
similar to our finding that females (12 to 18 years of age) had 
a greater number and percentage of CD4* cells than males. 

There were also differences between the present study and 
that of ToDcrud et al. While Tollerud et al found gender 
differences in CD 8* cell counts, we did not (nor did we fond 
facial differences in CDS* counts). Further, Tollerud end co- 
workers found that the CD4 + *to-CD8 i * ratio was higher in 
males, while we found that n was higher in females. Addition- 
ally, the data of Tollerud ei a!, Suggest that this ratio was higher 
In blacks than in Caucasians, while we found no difference* 
between blacks and Hispanics. These differences may reflect 
gender-race interaction effects which might be quite different 
due to the difference in racial ccmposftiotl between the two 
samples. 

Studies of populations much more diverse than that in the 
present study also report enmnerative differences related to 
*tgc For example, Comans-Bitter and colleague* (8) also re- 
ported or) cell numbers in subjects from ntfancy to adulthood. 
These researched sample included 23 children from ages 10 to 
16 years as part of a study of age-related differences in cell 
counts and percentages, while the subjects studied were not 
comparable to ours, Comans-Bilter et al. reported that the 
percentage of NK cells increases with age, while the actual 
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number of ten* appears to remain (table. Tn our more re- 
stricted age range, we found a similar trend for an increased 
percentage wrt not an increased imnjber of NK cells. While 
Coznans-Bit^r et al- reported no Halistical finding their ob- 
servation* tnkt age may affect the percentage but not the num- 
ber of NX <ells art similar to ours in. that numbers and/or 
percentages if lymphocytes can vary with age independentiy of 
each other. 

ihara and colleagues (15) assessed polymorphonuclear leu- 
kocyte fimolioning (H 2 0 2 generation, which suggeste killing 
activity) in 5 J children and adolescents aiul reported increased 
H 2 0 3 production by polymorphonuclear leukocytes exposed to 
S. aureus or Escherichia coU with increased ago (6 months to 15 
years> Further, Ihara et al. found that adolescents' (ages 10 to 
15 years) granulocyte function (H 2 Oj production) was similar 
xo that of adults, while children's H 2 0 4 production was lower. 
We found tftai bacterial killing pcafced when the subjects were 
H years old and then declined with age to values kwer than 
those seen hj the 12- to 13-year *o!d adolescents by ftje 18. The 
results froxoknir study seem different in that we would predict 
decreased H 2 0 3 production in adults compared to early ado- 
lescents, while Ibiura et al. found thai H 2 0 2 production in 
young adolescents and adults was' quite similar. These differ* 
ances may relate to the differences in study design, making the 
cornparabili^ of these two data sets difficult to assess (Ihara 
and colleagues measured hydrogen peroxide generation, an 
indirccr measure of bactericidal activity, while we measured 
directly the rwmber of bacteria that were mgeKted and tilled). 
Further, the! data presented by Ihara encompassed a much 
greater age \ntx%e, with infants, prepube&cent child*** and 
pubescent or postpubesccnt adolescents, while our only sub- 
ject were postpubeacent adolewenta, However, despite these 
large methodological differences, both studies support, the hy- 
pothesis thai granulocyte function changes with age in young 
people. 

iiaving demonstrated age-, gender-, and race-relaied diflor* 
ences in Hnnjunity during adolescence, one may speculate as to 
mechanisms; possibly involved. Hormonal factors, especially 
lhO$e present daring adolescence, may have influenced our 
results and dfler venues for future investigatlonu For example, 
hormonal changes associated with growth and development 
may affect imnunity. Indeed, peripheral blood lymphocytes 
have receptees for hormones such as growth hormone (GH) 
(20) t OH releasing factor (GRF), aacf somatostatin (5), and 
some peripheral blood lymphocytes have been found to pro- 
duce GH, somatostatin, and a GRF *like*peptide (5). Some of 
the age-related differences we found mfcht be related to GH or 
GRF, but iiis possible that the majority of the 12- to 18-year- 
old subject* we studied were actively growing with Similar lev- 
els of growth hormones. 

The possibility that other growth-related hormonal factors 
account for fiome of the age-related differences we tecrite is 
$ogge&ted by the literature concerning the secretion of insulin- 
like growth factor (21), which Is produced in response to se- 
cretion of GH. The secretion of InsuUVlfee growth factor 
increases in both male and female adolescents, peaks higher 
and earlier in girls, and decreases during the tatter half of 
adolescence I to adult levels (1). This finding may help explain 
the age differences and suggests that age effects may be sub- 
sumed in gender findings, as girls have the most rapid growth 
during early puberty (before the onset of menses), whDe boys 
grow more during midpuberty (25), We undertook age by 
gender interaction tests to explore this and found only one 
significant measure (age by sex test for B-cell numbers, P < 
0.04). Future studies comparing adolescents to sajne-se* fully 
mature adults may further delineate this Issue. 
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Sex steroids, which also change significantly during pubertal 
development and continue to fluctuate m diurnal or monthly 
rhythmx, may also have influenced our findings, Estrogen 
and/or progesterone may affect imrmmity directly or indirectly 
(2, 10, 23, 24, 27, 30, 32, 33, 37). Enumeretive (34, 38) and 
runctional myeloid (tfc\ 17, 20, 36) and rymphoid (7 f 28, 37, 39, 
42) measures nave been reported to be affected by sot steroids. 

Enumerative immune measures may be affected by sex ste- 
roids* Casson and colleagues (6) reported that the percentage 
of CD4+ cells was decreased, while that of NK calls was in- 
ereutttul, when posUnenopaiisal women were treated with de* 
hydroepiandroaterone. Kless and coworkers (22) reported 
lower percentages of CD4 4 " tell* in uoLrealed males with hy- 
pogonadism compared to Ihose in normal healthy men and 
those in subjects with treated hypogonadism, which resulted in 
normal testosterone levels. Our finding of lower numbers of 
Cl?4* CeUs in males it consistent with Casson ana coworkers' 
(6) findings suggesting that circulating androgens (in post- 
menopausal women) are associated with decreased numbers of 
CD<T cells. 

Concerning se* Steroid effects on mitogen stimulation, Yron 
and colleagues (42) found that neither 17 beta*eatradiot nor 
progesterone altered the response to CooA We found no 
gender differences in T- or F-ccH response to mitogen stimu- 
lation (PHA, FWM, or ConA). Therefore, our findings are 
consistent with tho$e of Yron et al. and suggest that response 
to mitogen stimulation Is not significantly affected by gender 
differences in gonadal hormones. 

Contradictory findings for effects of sex steroids on NK ac- 
tivity ha«« been reported. For example, SoracM and coworkers 
(37) reported that 17 be*a-e*tradiol (E2) enhances NK activity, 
while progesterone and testosterone do not Liu and Hansen 
(26) reported that NK cytotoxic actJviw was inhibited by pro- 
gesterone. Mandlcr and coworkers (27) reported that NK cell 
depolarization is affected by progesterone but not by estrogen. 
Contrarir/, CaUtwaert and coworkers (4) reported that NK cell 
activity was not affected by high concentrations in vhxo of 
teyiosterune, progesterone, ur esixadioL We did not find any 
gender (or age X sex)-re)ated differences in NK cell activity, 
and therefore out findings arc more in keeping with the im- 
plications of the results reported by Callewacn and colleague*. 
However, we did not Control for stage of menstrua] cycle, 
which at peaks of estrogen or progesterone might have yielded 
very different results. 

In addition to age and gender effects, we found significant 
racial differences in some cmimerative measures and in gran- 
ulocyte function (Afncau-Amcricaiis compared to Latino/ 
Latina youth), ToIIernd and coworkers also found racial dif- 
ferences in enumerativft measures (percentage of HIA-DR*) 
(Caucasians versus blacks). Ihara and colleagues (15) did not 
indicate their subjects' race, but presumptively their sample 
was all Japanese, thereby precluding any irrvestigatkm of racial 
differences. The biological basis of racial differences remam* to 

be explored. However, this data suggests the existence of racial 
differences in immunity which mult be addressed whenever 
immune-related disease processes axe investigated 

The potential for selection bias tn this data mwt bo ad- 
dressed; The subjects in the present Study were recruited from 
an inner-city hkh school and an inner-city adolescent general 
medical clinic* Students were members of randomly selected 
lOUi grade English classes, and greater than ?Q9& of the stu- 
dents in each targeted class agreed to participate, Similarly, In 
the adolescent dime, consecutive patienU were approached for 
participation in the study, and greater than 80% of these Ad- 
olescents agreed to participate, Results from Studies with high 
school dropouts or children with academic problems requiring 
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gpechl educ^tiqn services might be dissimilar to those of ihe 
present stuck 

Ccmcernufe the physical well-being of tbe wheels in the 
present study, all were categorized as healthy by physicians, 
bawd on both history and physical examination. Since these 
subjects werp part of a larger study 01) behavioral and biolog- 
ical AIDS risk factors, wt also collected a Urjje, intimate be* 
havioral arul psychological data set on the same day as veni- 
puncture- Tpe subjects had no reason to misrepresent their 
health, and they were asked much more personal information 
than when they had roost recently beea 111 The time frame for 
recall of ^current health problems was short (2 weeks) and 
thus should; not have represented a problem In recall. The 
random &lejctfon of the subjects* the physical assessment by 
physicians, Che collection of intimate pjychobehavioral data 
and verapurjeture on the same day, as well as the immediate 
proeouing of the blood for each of (he multiple Immune assays 
were important factors in assuring the quality of this normative 
data, 1 

The effects of demographic factors on a wide range of im- 
munological 1 , variables demonstrate the importance of having 
normative data representative 0/ particular patient popula- 
tions. Even ihoupn our subjects were randomly sampled bom 
the same geteTalpopularioflj there were marked immunolog- 
ical di&renees in subgroups defined by age, gander, and race, 
Tf the stability of these factors over time ti addressed in these 
rypes of sruaiaa, researchers will hove an even clearer picture 
of the normative vajues of immunological functioning In ado* 
lesocnts. 
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Abstract 

The aim of this study wa* to characterize the reactivity of monoclonal antibodies (mAbs) that had been submitted to the HLDA8 
Workshop. The lineage specificity of target moJecufc* was tested by analyzing their expression pattern* on blood odl*, fcukwyUw, 
and lymphocyte subset* The expression of target molecules during B cell development, ranging from early pweuwrs to plasma cells, 
was analyzed mini a large pand of B ceil lines. Our results have permitted us to cbaracierfce the expression of 10 new CD molecules 
CD31C (HM1X BST2), CD268 QBAFF-R- TNFRSF13Q, CD269 (BCMA, TNFRF17), CD267 (TACL, WFRSFJ3B), Ct>275 
(ICOSL, B7]U\ CD254 (TRANCE, TNFSF11), CD252 (OX40L TNF$F4), CD315 (QQ9-P), CDJ16 (EWT-2, PCRL), and CD307 
(IRTA^2 or FqRHJ), Three of these new CDs, CD267, CD269, and CD307 presented a D cell-restricted expression pattern. MAb* 
against thes<j novel eell-sUTr«* molecules may offer new tools for research, diagnosis, and therapy. 
© 2005 Elsevier Inc. Ail rights reserved 

Keywords: Leukocytes; B celli; Cell-surfiice molecules; Monoclonal antibodies CD 



U introduction 

Many events regulating the development, activation, 
and effector functions of lymphocytes arc orchestrated 
by a complex series of cell-surface molecules. Some of 
these molecules are expressed by several lymphocyte 
subsets and are differentially expressed during lympho- 
cyte dcvelofpment and activation [1]. The production of 
monoclonal antibodies (mAbs) capable of identifying 
single antigens has led to the discovery of a large number 
of leukocyte cell-surface molecules with novel activities. 
Human leukocyte differentiation antigens (HLDA) 



* CortBspondmgWtWFax: 434 P3 402 1907. 



Workshops have proven instrumental in the identifica- 
tion and characterization of a large number of molecules 
that populate the surface of hematopoietic cells [23]- At 
the last of these Workshops (HLDA8), held in Adelaide, 
Australia in December 2004, 95 new clusters of differen- 
tiation (CD) antigens *ere allocated, bringing the total 
number to 339 CDs [4]. MAb* ans essential tools in 
determining the expression, function, and molecular 
structure of ihese molecules, and greatly improved our 
understanding of the cellular and molecular interaction 
involved in immune responses. Most of the mAbs sub- 
mitted to the HLDA8 Workshop were raised against 
recombinant proteins or tfansfected cells. However, the 
expression pattern* of these cell-surface molecules arc 
often poorly understood even for molecule* well charac- 
terized both at the structural and functional levels* 
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Here we tharacteme tbe expression of target mole- 
cules recognized by those mAbs submitted to thp B cell 
Section of the HLDAB Workshop. 



1 Materials j&nd methods 

2.1. Antibodies 

Sixty-six toonoclonal antibodies (mAbs) submitted to 
the B Cell Section of the HLDA8 Workshop were stud- 
ied, Only those mAbs that recognized antigens expressed 
on the ceU-$utface wot included in this srady (Table 1). 
Moreover, any of the submitted mAb that recognized 
known molecule^ but which could not be validated by 
the B Cell Section using transfected cells were excluded. 
Study mAbs belonged to one of two categories: those 
directed agafnst potential new CDfl (18 mAbs) or those 
against unliaown molecules (14 mAbs). Membrane 
bound mouse mAbs were detected using Hotinylated 
anti-mouse tight * chain (Becton-Diclon&on, femrnmo* 
cytometry Systems, San Jose, CA), followed by Strepta- 
vidin-PE (Becton-Dickinson) for flow cytometry studies. 
A FITC-conJugatcd anti-rat IgG antiserum (Caltag Lab- 



oratories, Burlingamc, CA) was used for tbe detection of 
rat mAbs. 

The following mAbs were obtained from Becton- 
Diokinson: CDl6*Cy^Chrome> CD69-FITC, CD80-PE, 
and CD44-FITG 

2.2. Cell lines 

The 19 hacmopoietic cell Hues analyzed were 
obtained from the American Type Culture Collection 
(Manassas VAX with the exception of BEN and 138- 
E95, which were produced by transforming peripheral 
blood leukocytes with Bpstcin-Barr virus (Tabic 2). Cell 
lines were cultured in complete medium (RPMI 1640 
supplemented with 10% fetal calf serum (FCS). antibiot- 
ics, and lOmmol/i glutamme) (Oibco-DRL) and then 
split twice weekly At a ratio allowing maintenance of a. 
cell concentration bdow l0 6 cell$/mL 

2.3, Leukocyte 

Peripheral Wood mononuclear cells (PBMCs) were iso- 
lated by Ficoll density gradient centrifUgation from bufiy 
coats drawn from healthy donors. Tonsils were obtained 



Tabid 



Code 


Workshop No, 


Submitter 


Globe name 


tsotype 


Species 


BOOi 


80JCP 




37.20 


IgG 


Rat 


B002 


: 80110 




38J2 


IfiO 


Rnt 


BO03 


> 80114 




HM1.2A 


1gG2a 


Mouse 


noo4 


- 80645 


KaUMhsm 


RS38 




Mouse 


B005 


• 80646 


Koishlhars 


K$Cl 




Mouse 


B006 


80148 


Nikokrra-Sto imcnovft 


5C3 


IgM 


Mow« 


3007 


80)09 


Nocawa 


FH25 


IjGL 


MoU*0 


BOOS 


80310 


Nozawi 


m\ 


2*M 


Moose 




80323 


VVcrnci Mp£c3 




IjiOl 


Mouro 


B010 


80395 


Shen 


mm 


Ig03 


Mouse 


BOU 


80397 


Shoo 


HIJQ1 


IgOl 


Mouse 




f 80398 


ShtD 


HJ30S 


IftM 


Mouse 


BD13 


' 8U399 


Shen 


HJJ06 


IfOla 


Mouse 


B014 


80400 


Shen 


HI3Q7 


tgOl 


Mouse 


B01J 


1 80443 


Sheu 


1JI302 


IgGl 


Mouie 


BO 16 


80445 


Rubinstein 


m\ 


lgOl 


Mouse 


B017 


80^46 


Rubinstein 


XA12 


lgG2a 


Mouse 


BO 19 


80460 


Mortaif 


70513 


IgGl 


Motute 


B021 


i B0155 


Macardlc 


FMC68 


IgM 


Mouse 


ma 


80156 


Macardle 


FMC76 




Mouse 


B02J 


80276 


Volmtd 




l*G2a 


Mou$c 


W&6 


80577 


Muionc 


Yigky-l 


T^ai 


Rat 


B02S 


. 80481 


Sin 


FMU-TAC12 


IgGl 


Mouse 


B051 


80SO4 


Sid 


FMU-BCMA1 


IgGl 


Mouse 


B053 


SOWS 


Zhusg 


S1CD134L-2(4CI2) 


lflG2» 


Mouse 


B037 


80565 


Zhang 


51CDU7UIFI 




Mouse 


B0$8 




Hemier. 


9A3 


IgM 


Mouse 


B039 


, 80690 


Nflgflta 


F56 




Mouse 


B060 


80689 


Nagata 






Mouse 


B061 


80688 


Nsfata 


FI19 


IgG2b 


Mouse 


8062 


80683 


Mack&y 


IA1 


IfiGl 


Rut 


B063 


. 8068^ 
i 


Mackay 


))CI 


IgGl 


Mouse 
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Table 2 


S tett tints 








JML 


Pre^Bcellleiikfimia 


RAMOS ! 


B ceU lymphoma 


RAJ1 


Budritt lymphoma 


DAVDI 


Buikitt lymphoma 


NAMALWA 


Buriritt lymphoma 


RECl 


Mamie cell lymphoma 


JVM-2 


Mantle cell lymphoma 


GRANTA-519 


ManUeoH lymphoma 


NCEfl 


Mantle ceil lymphoma 


CESS 


EBV-transfomtffdBceU$ 


BEN 


EB Y- transformer! B cells 


IW9S 


EEV-transfonned B caOc 


RFMI BUG 


Multiple myeloma 


Non~B «// lines 




JUKKAT ' 


T cdl leukemia 


HSB2 


T cell leukemia 


YT 


T/NKcell leukemia 




Myeloid leukemia 




Myeloid leukemia 


U-P3? 


Myeloid leukemia 



Irmunek>gyHt(2W5)M6 

(Sigma,) and lOOOU/mL of GM-CSF (Leucomax, Nov- 
artis, Switzerland) in RPMI J 640 medium with 1 0% FCS 
(Gibco-RBL) at 37 *C in a humidified atmosphere of 5% 
CO* Purity of immature DC was typically >95%> as 
determined by flow cytometry using mAb CD80-PE. 

2.6. Natural killer cells 

Peripheral blood lymphocytes (PBLa) were isolated 
by Ficoli (Sigma) density gradient centrifugation from 
bully coats drawn from healthy donors. Mitomycin C 
(QJmgfaL, Sigma) preheated Daudi cells were mixed 
with PBL ax a ratio 4:1 (PBL/Daudi). These cells were 
incubated for 6-7 days in RPMI 10% FCS at 5% CO* 
humidified atmosphere. Homogeneous populations of 
NX ceils were obtained by subsequent treatment with 
anti-CD3 mAb (90 x I0 s cells/I0j4g anti<D3) plus rab- 
bit serum as a source of complement Parity of NIC cells 
waft determined by CD56 expression. 

2 J, Red blood cells and platelets 



from patients undergoing tonsillectomy for breathing dis- 
orient Lymphocyte suspensions were prepared by teasing 
the tissue iji RPMI 1 640 medium (Gibco-BRL, Gaithers- 
burg, MD)1wjth 10% FCS (GiWBRL) and were passed 
through j5 jescreen to remove any connective tissue* Lym- 
phocytes wpre thea isolated by Ficoli density gradient cen- 
trifugation j(l&XK)rpm for 25mm). B cells were obtained 
following treatment with anti-CD3 mAb (90 x I0*cells/ 
10 jig anti~CD3) plus rabbit serum as a source of comple- 
ment in RPMI 1 {PA FCS. All tissues were stored in RPMI 
1640 (Oibco-BRL) medium at 4°C until further process- 
ing. Typically, the tissues were processed within M h fol- 
lowing surgical removal Granulocytes were identified by 
their forward- and side-scatter characteristics* as well as 
byCDl6cJtpro»ion[5J. 

2 A. in vitrq cell stimulation 

PBMCs. were activated with 1% (v/v) phytohaeraag- 
glutinin (FHA) (Murex Biotech limited, Dortford, 
England) fbr 72 hat concentrations of 2 x 10 6 cells/mLiu 
RPMI 10°/o FCS. B lymphocytes from tonsils were acti- 
vated wiih 1% (v/v) Prot A-Sepharose Beads (Bio-Rad, 
Hercufcs. CA) for 72h at concentrations of 2 x 10 ff ccIW 
mL in RPMI 10% FCS. 

Z5. MonoCyte-derived dendritic cells 

AUquou of 50 x 10* peripheral Wood mononuclear 

cells were Incubated for 2 h at 37 *C and 5% C0 2 in a 
25 cm 2 flask (Nunclon, Denmark) in RPMI 1640 
medium (Gibco-BRL). After washing, adherent mono- 
cytes were pultured in the presence of 500 U/mL of 1L4 



Human blood cells were collected in Vacutainer tubes 
containing sodium titrate 0.129 M (Becton-Diclarisoa). 
Blood was centrifuge^ at AOOg Tor lOmin at room tem- 
perature to isolate platelewlch-plasma (PRF). The PRP 
was then resuspended with equal volumes of phosphate 
buffer solution (PBS). Platelets were further isolated by 
centrifugation of PRP at 2000g for 6min, washed with 
PBS and centrifogod again at 200Qg- for 6mia Platelets 
were then resuspended with PBS containing 0,5% FCS. 

Human blood cells were washed twice with PBS 
(2200 rpm for 5 ruin) at room temperature to isolate red 
blood cells. 

2.8. CD34*-celIs 

rbG<SF (Amgen, Thousand Oaks, CA) was admin' 
istered to donors at a dose of 10 fig/kg ptr I2h via sub- 
cutaneous Injections for up to 7 days until harvesting. 
CD34*cells were positively selected using immunomag- 
netic via lsolex 300i (Baxter, Munich, Germany) and 
CliniMACS (Miltenyi 1 Biotcc, Bcrgisch Giadbach, 
Germany)* Purity of the bone-marrow precursor cell* 
was determined by CD34 expression (median -98,61% 
storage 93J*-99.74%a 

2S> Immunofluorescence analysis 

Cells were stained using biotiirylated anti-mouse light 
k chain (Becton-Dickinson, Immunocytometry Systems, 
San Jose, CA) followed by Strcptaviiliii-PE (Bcuton- 
Dickinson), Fluorescence was analyzed using a FAC- 
SCalibur (Becton-Dickinson) flow cytometcr equipped 
with CcllQuest software, Fluorescence intensity was 
plotted on a log scale. A minimum of 5000 cells was 
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acquired for Jeach sample. The negative control was set at 
5 mean fluoipsccncc intensity (MFI), 

2 JO. fmmun^hiitochemtstry 

Tonsil samples were frozen immediately in dry ice Sec- 
tions or this issue were cut and stored at -20°C until fur- 
ther use. All c'flKuc sections were thawed, dried at 37 °C for 
1 5 min, washed in PBS, and fixed in 4% paraformaldehyde 
for 1 0 mla Tjiey were then incubated with PBS containing 
2% of bovtad serum albumin at 4°C for IStnuL After this 
incubation the mAbs were incubated for 40 min at room 
temperature, Tissue sections were washed f or 5 min in PBS 
and then intubated for 30min in Cy3-conjo^ated antt- 
mouse IgG ,(1:500) (Jackson Immuno Research Labs. 
Pennsylvoniri). $0&pk$ were washed Twice in PBS fittd 
mounted in Fluoromouut-G (Southern Biotechnology, 
Birmingham, AL, USA). Fluorescence images were 
acquired using a confocal spectral microscope (TCS SL, 
Leica, Hrideiberg, Gennaay)- 



Human calls and tissues used In this study were 
obtained in compliance with protocols approved by the 
Ethics Committee of the Hospital Clinic of Barcelona 
(Barcelona, Spain) and according to the principles of the 
Declaration of Helsinki. 



3. Resuita 

3. 1. Characterization of monoclonal antibodies that 
recognize unknown B celt associated molecules 

37.20 (BOQI). This mAb recognized a cell-surface mol- 
ecule expressed on mature B calls (Tables 3 and 4). The 
expression of this cell-surface molecule was increased 
after activation (Table 3). In contrast! its expression on 
peripheral blood T cells waa very low (Table 5). During 
B cell development, as reflected by its presence on the B 
cells and B cell lines analysed, w« observed that its 
expression began in pre-B cells and reached peak levels 



Koactjvity of ;he mAb* with B cell and B cell lines 



Code 


CLoni nuno 


B Cells 


Activated B cell* 
(Ptm A) 


REH 


JM1 


DAUDI 


RAMOS 


RAJ] 


NAMALWA 


B001 


37.10! 


++++ 


++++ f 




+++ 


++++ 




++++ 




WQ1 




MM 


ND 


+++4 


++++ 


++++ 




++++ 


+44 


BOCK 


HM124 


++++ 


4-4-4-4. f 


+++ 


++ 


+4>++ 


4+4+ 


++++ 


+44+ 


B004 


RS39 


++4 


++++ 


+ 






++++ 


+++ 


++++ 


BOOS 


K.5CI 


4+4 


++++ 


+4 


4 


++4+ 


+44+ 


+44+ 


++++ 


D006 


SC3 


IM 


+++ 










4 


•* 


B007 


FH25 


444 


+++4 


+ +++ 




4+4 




+44+ 




BOOS 


mi 


4+++ 


+4++} 


+444 


4444 




4444 


4+++ 


++++ 


ROOT 


H1U31 


++ 


+4+ 


4+4+ 


++++ 


i M 1 


+44+ 


44+4 


+44+ 


BO10 


Hmp 


++++ 


ND 


++++ 


++++ 




++++ 


4+4+ 


+4+t 


BOU 


H1J01 


ttt + 


ND 


++++ 


++++ 


-H-H- 


4+44 


4+4+ 


++++ 


mt 


macs 




+++ 




K* 








+ 


voiy 


HUM 


TTTT 




+ 


+ 4"t»f 




tttt 


tttt 


+*++ 


B014 


HI307 


++++ 


NX> 


444t 


4444 


+444 


+4+4 


4444 


+44+ 


BO\5 


HI302 


4+4 + 


ND 




+ 4+4 


++++ 


4+44 


4+++ 


+4t+ 




1F11 
















4+4 


mi 


8AI2' 


+4+4 


++44 J 


wt 


+4 


++++ 


+4+4 


4444 


4+4+ 




70313 




ND 








4 


+4 




B02I 


FM058 


•14$ + t>i 


ND 


ND 




4-H-4 


++++ 


+444 


++++ 


B0Z2 


mm 


44+4 bi 


ND 


ND 




+-KH- 




+4+4 






E63-761 


ND 


ND 


44+4 


+ + ++ 


++++ 


++++ 


4+4+ 


,44+4 


B026 


Vick^l 


ND 
















BQ28 


FMU-TAC12 




ND 


ND 




4+44 




444 




B051 


FML(.BCMAl 


+ 




ND 


4- 


+++ 


+++ 


++ 




B053 


$ICXU34W<4ClZ) 


444+ 


+44+4 


4444 




++++ 


MM 


++++ 


4+4+ 


B057 


SICDI37HF1 




+ 










+ 




B05S 


$>A5 . 




4 


444+ 


++++ 


1 I M 


++++ 


+44 


"M i i 


B059 


Ftf ' 


4+ 


++++ 












1 J' 1 '1' 


mo 


F25 




+4++ 












444 


mi 


F119 


4 


+4+4 












+++ 


BQ62 


1A1 ; 






■M 


+ 




+ 






BW3 


nci; 


+444 


+++4f 


444+ 


+ 


4+4+ 


++++ 


44+4 


+4+4 



The c«Qs were wojbalcd wilh thit diObnmL mAb*. Tliea cells wet« v^ihol uml focubti ted with btotinyla IctJ Rnti-moUSe light K Chain followed by Sttep- 

tavidln-Pe. A FTTC-coAjueated ami-rat IgG antiserum ww used with rat mAlis. Results rtpiraent the percentage of positive cefc <2Q% of pow- 
tive cells; 4, of positive cells; 44,40-60% of poslUve cells; t+4, 6M0% of positive cells; 44+4 ( W-100% ofposiuvc cells; ND: not done; f. 
iacrtmeul 6f thej molecule expression with Botivation: tf; bimpdal. 



! 
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Table 4 | 

Reactivity of (he mAb? with B cell lines 



Code 


Cjone name 


CESS 


BEN 




RPMI8226 


GRANTA 


JYM-2 


NCEB 


RBC 


BOOt 


37J0 


ill 1 








+ 


4+ 


4444 


444 


BOQ2 


311.12 


♦4+4 








4,4,4,4, 


4444 


4444 








4444 


HH 


+44+ 


4444 


4444 




444t 


+444 






44+ 


++4 


44+4 


TT TT 


TTTT 


TT 


! r tt 


444+ 








444+ 


4+44 


4444 


+44 


++++ 


4 I H" 


4444 


B006 








TT 


4 


+4 








R1VY7 








4444 




444+ 


44*4 


TTTT 


T 


B008 


FB2I 


4>+++> 


++++ 

TTTT 


4*444, 
TTTT 






■ ill 


till 

Till 


44+4 


9009 




-1 — l--f— f- 


4+4+ 


"TTT 


4.4,4,4, 

TT ■ 1 


I f f 1 


| | | j 


4444 


4444 


BD10 




+ [ ) t 


+ + 44 


4444 








■j, ( 




Pv I* 




+444 


l -| | ^_ 


4*4*4* 4t 
TTTT 


T 


1 1 1 1 


+4++ 
TTTT 


TTTT 




DVl* 








+++ 


444 


4 


44 


44++ 


4 


nni'i 






444+ 






TTTT 


TTTT 


Alii 

TT" T 




BOH 


HBO? 


4 T + + 




' 4444 






4444 


TT ++ 




5015 


HJ30t2 


+4+4 


4++4 


4444 




[||| 


4444 


4444 




BD16 




+ 
















boh 


8A12 


4444 




+44+ 


+44+ 


++++ 


++++ 


4 .4 .| 


4+ +4 


B019 


70513 


4+4 + 






4. 








4444 


B02I 




+44+ 


+4+4 


4444 




+ 


+ 


1 


44++ 


B<m 


FMC7* 




++++ 


++++ 




4444 


4444 


44++ 




B022 


B»-7<1 


f+++ 


4+4 4 


+44+ 




+4+4 


4444 


4+44 




BQ26 


Vicky-1 


44 












**> 




B02B 


FMU-TAC12 


44 


+ 


tt 


44 




4 


4 


4 


B05J 


FMU-BCMAl 


4444 


+4. 


44+ 


4444 


4+ 


444 


444 


+4+4 


B053 


SICDJMW(4C12) 


+4+4 


44+ 


4+ 44 


+44 


4444 


4444 


4444 


444+ 


B057 


sfa>lJ7L-1Fl 


44 








44 








B05S 


9A5 


4444 


4444 


44 


+++ + 


. ++++ 


44 




44+ 


B059 




+4 




4+4+ 




4444 


4 


4 


4444 


B060 


F*5 


44 




+++4 




+++ 


+ 


4 


4444 


B0«1 


FIW 


4-+ 




4444 




TTT 


4 




444+ 




lAl 


+444 


44-4 


4+4 






4444 




fill 


Em 


UC1 


++++ 


+4-++ 


*+++ 




4444 


4*44 


4444 


+444 



The tells wemmoufcaud with the different mAbs. Then cells were washed and incubated with bjotteylattd rotHnouss light k chain followed by strep- 
tfividra-Pc. A FrrC-cQTijupted ftntltfSt IgG smtiaemm used with rat roAhs. Rcsnlts represent Ihc perccatflje of positive cells; -, <2Q% of posi- 
tive cells: 4, 2M0W of positive cells; +4, 4Q-60% of positive CtU&i 44 + t 60-60% of positive cells; 444+, &0-100% oTpOfiiUve cells, 



od activated B cells (Table 3), Strong expression in the 
mantle zone of tonsil sections was observed (Table 7). 

SC3 (B006). The cell-surface molecule recognized by 
this mAb was expressed on activated but not on resting 
B ccB$ (Table 3). All analyzed B cells were negative 
except for low levels found on mantle zone B cell and 
plasma cell lines (Tables 3 and 4). Expression was not 
restricted to B ceil$ since high levels were detected on 
granulocytes and dendritic cells, and to a lesser extent, 
on red bloqd cells and platelets (Table 6). 

FH25 (9007), The molecule recognized by this mAb 
was present on mature and activated B cells (Table 3). 
Interestingly, high levels could be detected on the pro- 
B cell line REH (Tabic 3)* Its expression was not B cell 
restricted since it was also highly expressed on resting 
and activated T cells as well as monocytes. It was 
weakly expressed on NK cells and granulocytes 
(Tables 5 and 6). 

FB21 (BQ08). This mAb reacted strongly with B and 
T cells, granulocytes, monocytes', and NK cells, less with 
dendritic atd red blood cells (Tab)es 3,5, and 6), Its reac- 



tivity increased with B cell activation (Table 3). In fact, 
during B cell development, reactivity crossed from pro-B 

cells to activated B cells (Table 3). Strong staining of the 
mantle 2one was observed (Table 7). 

HI305 (BO ! 2), This mAb reacted with activated B and 
T cells (Tables 3 and 5). No staining was detected with 
immature B cells (Table 3) and strongest reactivity was 
found with granulocytes. Lower reactivity was detected 
with monocytes and platelets (Table 6). 

38.12 (B002), HI220 (B010), HI301 001 IX HI306 
(B013),H1307 (B014X HI3Q2 (B015), andE6*76I (B023> 
Seven of the submitted mAbs were highly reactive with B 
cells and other APCs (Table 3). Since reactivity patterns 
were reminiscent of mAbs directed Against MHC class II 
molecules, we tested their reactivity on the Raj! cell line, 
and as weD as a Raji mutant expressing low levels of these 
molecules. AH of these mAbs exhibited greatly reduced 
reactivity with the mutant as compared to the wild type 
Raji ccD line (Table 8), To further demonstrate their speci- 
ficity, we performed Itorounoprecipitationi from Raji 
lysates, Our results showed that all of these mAbs 



i 
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Reactivity of th^ioAbs with CD34 + praarconi, T cell*, and T cell \\m 



Code 


ao 


rename 


CD34* precursors 


TcdU 


Activated T 

cells (PHA) 


7URKAT 


H5B2 


NK 


YT 


R00I 






44 


4 








_ 


B002 


36.12 






ND 






ND 


4+++ 


B003 




[1.24 


M , t . 




Mil 


i 


i 1 1 1 


4f44 


4444 


B004 


KSJ8 


+444 


4444 


444+ 




+4+4 


+4 


4444 


B005 


K5 


Si 


444 


44+ 


lilt 




+++t 


ttt 


4444 


B09$ 


SC3 








•to 








BOO? 






+444 


4444 t 


t++4 


+ 


+ 


4444 


BOOS 


FB21 




44t+ 


4444 






44+4 


4444 


6009 


HIL-I31 




+ 


4 




4-4 


— 





B010 


HlilO 






ND 




- 


NO 


4444 


B011 


HDOl 






ND 






ND 


4444 


B0J2 


HD05 






44 




4 






BO J 3 


HlJ(tf 






+4+ 






,_ 


t+ + + 


BO 14 ' 


H1307 






ND 






ND 


44++ 


BO 15 


mm 






ND 


_ 




ND 


+444 


SOI 6 










_ 








B017 


&AJ2 




4+4 


444 


444+ 


+4*+ 


444 


4444 


B0I9 


70513 










... 


ND 





Boai 


F1^C6S 




_ 


ND 




4 


ND 


- 


D023 


FMC76 






ND 




* 


ND 




B023 


E6V761 






ND 






ND 


++++ 


8026 


Ykky-I 










M 






B02S 


FMU-TACI2 






ND 




444 


ND 






I'JtyU-BCMAl 






ND 




+ 


ND 




B053 


$JGP1ML»2(4C12) 


44 








4 






B0S7 


$IG 


DI37MF1 








44+4 


44 




+ 


BOSS 


9SA 




+44 


4 


+4+4 


++4+ 




4t++ 


B059 




















BOM 


P2S 
















B061 


nip 
















B062 


1AJ 




_ * 














B063 


HOI 




4 


4 


4 









Be ceDs were incubated with the different mAbs Then cells were washed and incubated with biotinytated anth&Krttte Light k chain followed by strep* 
lavi'din-Pe. A Pft'C^onjugated anti-rat jgO antiserum ww used with rat mAbs. Results represent ibc percentage of positive cells: <2W& of posi- 
tive cell*; 4 20-40% of positive cclb; 44, 4O^0 n /o of positive cells; 444, of positive ctUi; 4444, 80-100% of positive cells; NPi not done; T- 
incrcraait of molecule expression with activation. 



precipitated two hands of 35 and 24kDa* characteristic of 
MHC class U molecules (data not shown). 

3.2. Characterization of monoclonal antibodies that 
recognize known molecules with unknown CD's 

HM124 (B003), R53B (B0Q4), and K5C1 (BOOS). 
These thTee inAbs recognized BST2 (bone marrow stro- 
mal antigen 2), This molecule was highly expressed dur- 
ing B cell development, from pro-B precursors to plasma 
cells and its Expression increased with activation (Tables 
3 and 4), C034 + bone-marrow cells were also positive 
(Table 5). In addition, BST-2 was highly expressed on T 
cells, monocytes, NK. cetb and dendritic cells (Tables 5 
end 6). All B cell lines tested were positive, except for trie 
pro-B cell line JM1 (Tabic 3), Lymphoid follicles and 
non-bematopoietic cells were were heavily stained with 
these antibodies (Tab)c 7). 

HIL-131 (B009)* This mAb recognized a molecule 
expressed by APCs with strongest expression occurring 



on dendritic cells (Tables 3 and 6), Expression was also 
observed oo peripheral blood T cells and the T cell line 
HSB2 (Table 5). During B cell development, it was 
highly expressed on pro-B, pre-B cells, and immature 
cells. While decreasing with maturation, expression 
increased following activation (Tables 3 and 4). HIL-131 
mAb stained scattered cells in the intcrfoHicular zone in 
tonsil sections (Table 7). 

1F11 (B016> This mAb recognizes CD9P-1, also 
known as EWI-F. All B cells tested were consistently 
negative with the exception of the Burkitt lymphoma cell 
line Namaiwa (Tables 3 and 4)* Monocytes were nega- 
tive but some myeloid cell lines such as HL-60, U-937, 
and K-562 were highly positive (Table 6). Positive stain- 
ing with 1F1 1 mAb of non-lymphoid cells wa$ observed 
in tonsils while strongest reactivity occurred with crypt 
epithelial cells (Table 7). 

8A12 (B017) and 9A5 (B058). These mAbs are from 
two different laboratories and recognized EW1-2, also 
known as PGRL The specificity of these mAbs was 



MUM mm WHEP V«*0/ 4' CWJ 



i 
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R activity of the mAb* with non-B tell »nd pon-B call lists 



Code 


(pone flame 


Gntmlo, 


Mono* 


R-562 


HL-tfO 


IW7 


DCs 


PiatekU 


Dun 










44 










_ 






ND 








— 


ND 


ND 


ND 


BOM 


$Ml£4 




++++ 


++++ 


++++ 




+++ 


_ 


- 


TJ/lftl 
WW 






+4+4- 


++++ 


■ ■*+++ 


++++ 


+++ 


— 


— 


BOOJ 


K.5CI 




TTT 


++++ 


lilt 


+++ 


+++ 




_ 




3U 


T + t 1 










++++ 


+ 


+ 


BD07 


FH25 


+ 


44+ 


m 


+ 


_ 


_ 




— 




7B21 




+++ 


+4 + 


++ 




++ 


— 


+ 




tilL-lll 




4+ 


++++ 


++++ 


,+ 


+++ 


- 


- 


B010 


IPI220 


ND 


++ 








_ 


ND 


ND 


1 ND 


pnt t 


Ttmni 


ND 










ND 


ND 


ND 




^1305 


+++♦ 


+ 


_ 


++ 


_ 


- 


++ 


- 


B01J 






++ 


m 






++++ 




- 


RDM 


111307 


ND 


++ 




_, 




ND 


ND 


ND 


B015 


f!n302 


ND 


++ 








ND 


ND 


ND 


B016 


l';FU 






1-t + t 


+++4 


++++ 


— 




- 


H017 






+ 


+++ 


+++ 


++ 


- 


— 




B019 
B02I 


70513 


ND 










ND 


ND 


ND 


FMcea 


ND 


- 


+ 




+ 


ND 


ND 


ND 


mi 




ND 








+ 


ND 


ND 


ND 




ltW-761 


ND 


+++ 




+ 




ND 


ND 


ND 


B026 


Vicfcy-1 


















B02£ 


rtMu*TACi2 


ND 


•H-+ 


+ + 




+-W-+ 


ND 


ND 


ND 
ND 


B051 


FMU'BCMAl 


ND 




+ 




+ 


ND 


ND 


B051 


$jlCDl34W(4C12) 






t 




+ 


+ 


+++ 




B057 


^ICD13TL-iFl 










+ 








BQ58 








+4 




+++ 








B059 


F56 


















BOW 


F25 


















BD61 


PU? 


















B062 


1A1 


















BOO 


ijlCl 






T 













The ctils wcrcincttUttd with the diObrtat mAi* Tbco cells were wwfced and incubated with biolinylatod anti-mouse fi jht x chain followed by Bbxp- 
tavidin*P«. A HTC-coitf ugpteo: aaikftt I*G aatisinan was used with r« mAt^ nwlts represent the percentage of positive cells: <2Q% or posi- 
tive cell* +, 2(W0% of poiWve cells; ++, 40-60% of positive cell*; +++„ «0% of (xtftiv* wJls; +4++, 60-100% of positive cell* ND; not done; 
grajjttlo.: eraniulo«!yt«; mono: uiottooytes; DCs; dcadritic cells; RBCt red Wood oclls* 



confirmed v^ith irausfected cells (data not shown). Dur- 
ing B wll (irvclopmcnt, we observed expression of EWI- 
2 cdl"3Uffacc mcleculc from pro-B cells to plasma cells* 
with expression mcreasing after activation (Table 3). It 
was also highly expressed on T cells (Table 5), Although 
the statoiftfi of cell lines was Identical with both antibod- 
ies, differences were ohscrved its reactivity with iso- 
lated tonsil B cells and NK cells (Tables 3 and 5), In 
tonsil sections stronger staining in the germinal cepter 
was detected with 8A12. 

70513 (B019). This mAh recognized TRANCE 
(TNFSF1 1) and was reactive with the cell-surface of sev- 
eral B cells and B cell lines (Tables 3 and 4), 70513 mAb 
stained scattered cells in the intexfollicular zone in tonsil 
sections (Table 7), 

Vicky- h(BQ2$) and FMU-BCMAl (B051). While 
these two' mAbs recognizes BCMA CTNFRSF17), 
Vicky-1 mAb showed very fabt staining, Their reactivity 
was shown if o be B'cell restricted, Pre-B cells and mature 
B cell* expijessed low levels of the BCMA protein, while 



highest levels of expression were found on immature B 
cell and plasma cell lines (Tables 3 and 4). 

FMU-TACI2 (B028) and 1A1 (B062). Although these 
two mAbs recognized TACI (TNFRSF13B), FMU- 
TAC12 mAb showed very fkint staining, tow levels of 
TACI were detected on tonsil B cells and several B cell 
lines (Tables 3 and 4). While no np-regulation of expres- 
sion could bo detected after in vitro B cell activation 
(Table 3), strong expression on EBV-tiansfenncd B cells 
was observed (Table 4). Unexpectedly, FMU-TACI2 
mAb reacted with some Burkitt lymphoma cell lines that 
were negative for 1 Al mAb (Tabic 3). 

SICD134L-2(4C12) (B053), This mAb recognized 
OX40L (TNFSF4). The specificity of this mAb was con* 
firmed with transfectcd cells (data not shown), Strong 
expression of OX40L was observed on isolated B cells and 
platelets (Tables 3 and Q, CD34 + bonevmarrow cells 
expressed detectable levels of this molecule (Table 5), Dur- 
ing B cell development, all B cells expressed this molecule, 
the strongest expression occurring from the B immature 
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Tabtc7 I 

Immunohistodjemical analysis of the mAb* on tonril jActiom 



Code 


; Gone name 


MZ 


GC 


IF 


Comments 


B001 


! 37^0 


+ 




(+) 


Scattered cells ixtferfollicular zoxtt 


B0ft2 


! 


++ 






Anti-MHC clais II caltcrn 


B003 


1 UM\2A 


++ 






StrDngfir staining of foliudci. Non-hematopoictic cells 




' R$38 


++ 






Sznic as above 


B0D5 


■ K5C1 








owns rp »M-'v~*) 


DuLFD 












Buy/ 


ru2J 






+ 


F9nnyc T lymphonytea 






T 


















DC&Uttta CftUft in uieitoJlittuar zone. 


Wis) 


j M1220 


+ 


+ 


+ 


AaU-MHC class II pattern 




, fUJVU 




++ 


.1 j. 


A&u-MnL cutis it pvctoni 


QUI/ 


! xjiinc 
; iIIjUj 










B013 


H1306 


++ 




++ 


Anti-MHC class II pattern 


DAI it 


nJ 307 






4- + 


Anti-MHC dass u pattcnn 




HI302 






++ 


Anti-MHC cLau II pattern 




' f TCI t 






+ 


.Positive nan lymphoid celts; cript epithelial cells 


win 


! 8A12 




+4. 






B0I9 


70513 






(+> 


Scattered celt* ra toterfbiUmrifti zon« 


B021 


FMC64 


t 


+ 






BQ22 


l FMC7* 




•H- 






B023 


i E«-7cH 








AnlLMHO class 11 pattern 


0026 


i YICKY-l 


+ 




(+) 


Dats in paiEcoftex and on mcmbra&c 


B02B 


FMU-TACI2 


++ 




++ 




BOM 


FMU-BCMAI 


+ 




+ 


Stronger reactivity with rollicks 


BQ53 




++ 


++ 




PC? 


B057 


i SlCDtJTL-lFI 




-H- 




FDC? 


H05S 


9A5 










B059 


F56 






+ 


Scuttertd cells 


B062 


; 1A1 










B063 


. IlCl 
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B014 ' 
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iCO 


HDQ2 




3W 


9517 


E63-761 


B023 


2487 


m 



MFL mean flwrwtcnce intensity. 

stage to the plasma cell stage (Tables 3 and 4). Expression 
in tonsilar follicles was also detected (Table 7). 

S1CD137U1F1 (B057). Although fhi« raAb vas sub- 
mitted as rrxogniziBg CD137L (TKFSF9), we were not 
able to confirm this specificity with transferred cells 
(data not shown). Resting B cells were not reactive with 
this inAb. However, following in vitro activation, 3 nils 
were stained" with this mAb (Table 3) and low reactivity 
was detected with several B cell lines (Tables 3 and 4), 
WbDe T cells were negative, the T cell line* Jurkat and 



HSB2 were highly positive (Tabic 5). NK cells were neg- 
ative, whereas the NK cell line YT was positive (Table 
3). Reactivity with follicular dendritic cells was observed 
(Tabic 7). 

F56 (B0S9), F25 (B060), and F119 (B061). These three 
rnAbs recognized IRTA-2 (FcRHS), which was detected 
on mature B ccUs» i\s expression increasing after in vitro 
B cell activation (Tabic 3). No expression was detected 
on non-B cells (Tables 5 and 6), Multiple-colonr flow 
L7luinetry analysis of isolated luiisil B ueHs showed the 
highest expression of IRTA-2 on mantle 20m? oclla, with 
less expression on genninal centre cells (data not shown), 
However, only half of the mantlo-ocll lymphoma cell 
lines expressed IRTA-2 (Table 4). 

IlCl (B063), This mAb recognized BAFF-R 
(TNFRSF13C), a molecule highly expressed on all tonsil 
B cells (Table 3). In fact, during B cell development, it 
was already detected on pro-B cells, and all mature B cell 
expressed this molecule. BAFF-R expression was up reg- 
ulated following in vitro activation (Tables 3 and 4), We 
observed low levels of this molecule on T cells and no 
increased expression after T cell activation with mitogen 
PHA (TableS). 
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4. Discassiiui 

i 
i 

The ma juration of human B cell precursors into func- 
tional B calls is a highly regulated process involving the 
coordinated Acquisition and loss of B cell associated 
ccll-surfac^ molecule [6], Although surface immuno- 
globulins $re central xo B cell function, other surface 
Structures jars also critical for the normal development 
and regulation of differentiation, activation, and prolif- 
eration [7jl While a significant number of cell-surface 
molecules expressed by B cells had been previously iden- 
tified the dumber of CDs now defined by the HLDA8 
Workshop! B cell Section has considerably increased 
[8,9]* Previously, antibodies against unknown molecules, 
produced after immunization with leukocytes, were the 
principal tools in identifying new leukocyte cell-surface 
molecules.^ However, in recent years, most mAbs have 
been produced after the molecule has been cloned, rather 
than before Therefore, most of the mAbs submitted to 
the HLDA8 B cell Section were directed against known 
molecules., 

Here we discuss the expression patterns of 10 novel B 
cell associated molecules, each of which received a CD 
designation during the 8th HLDA8 Workshop. 

CD317 .antibodies recognized BST2 (bone marrow 
stromal antigen 2) [10,1 1]. One study reported that mAb 
HMU4 (0003) recognized a B cell-associated protein, 
suggesting lit represents a specific marker of Ute-stage B 
cell maturation [12], This mAb, currently being used for 
the treatment of multiple myeloma [13], exhibited its 
highest reactivity with the myeloma cell line Rf MI 8226. 
However, Jn contrast to previous reports, we found this 
protein to be highly expressed on all B cell stages of 
differentiation* Moreover, we detected significant levels 
on bone-mairow CD34 + cells. Additionally, we observed 
high levels of this protein on T cells, which is consistent 
with the large amount of transcripts found in a T cell 
clone by SAGE [14]. Our data also show that this pro- 
tein is expressed on other leukocyte and non-hematopol- 
ettc cells. 

CD275 (ICOSL, B7-H2). This molecule is a member 
of the B7 family and the ligand for the T cell specific 
receptor ICOS (CD278) [151. Our data confirm its pref- 
erential expression on APCs, as well as on a subset of T 
cells. The 1C0S:IC0SL pathway promotes not only T 
cell activation and effector responses, but also T cell- 
dependent [ B cell responses. Here we observed thai 
CD275 (ICOSL) was highly expressed on pro-B, pre*B 
cells and immature B cells, suggesting a functional role 
of this receptor during the early stages of B cell develop- 
ment 

CD3l5,ialso known as CD9P-I or EWI-F, belongs to 
the immunoglobulin superfamily and is associated with 
several tetraspan family members such as CD9 and 
CD81 [16»J7], This protein was present on non-hemato- 
poietic cells and its expression on leukocytes was 

i 



restricted to myeloid cen lines. With the exception of the 
Burkitt lymphoma cell line Namalwa all B cells and -B 
cell lines were negative. 

CD316, also referred to as EWI-2, PGRL, or immu- 
noglobulin supcrfamily member 8, as EWI-3, CD 1 01, 
and CD31S are known to associate with members of the 
tetraspan family [18,191. As previously reported* B* and 
T-lymphocytes expressed high levels of this protein, 
whereas monocytes, dendritic cells, granulocytes, and 
platelets were negative [19]. However, we observed that 
this protein was also present on myeloid cell lines. More- 
over, its expression was not restricted to mature lympho- 
cytes since we observed its presence on almost all tested 
B ce)Hines, 

CD254 also known as TRANCE, osteoclast differen- 
tiation factor or TNFSF1I is a member of the TNF 
superfamfly [20J. This cytokine, which binds to 
TNFRSF11A, has been reported to be expressed by 
myeloma cells, suggesting that the latter may promote 
bone re-absorption [21]. Here we show that some non* 
myeloma B cell lines expressed this molecule on the cell- 
surface, 

CD269, also known as BCMA or TNFRSF17 
(CD269), is a member of the TNF receptor superfamily 
and not only binds to APRIL (CD 256) and BAFF 
(CD257), but has also been shown to play a role in 
plasma cell survival [22-24), As reported, the expression 
of this molecule was B cell restricted [25]. 

CD267, also known as TACI or TNFRSF13B 
(CD267), is a TNF superfamily receptor that binds to 
both CD256 (APRIL) and CD257 (BAFF) [22J. We con- 
firmed that CD267 (TACI) expression was B cell 
restricted. Moreover, we observed strong expression on 
HBV-transfonned B cells. However, in contrast to the 
other BAFF receptors, CD267 (TACI) exhibits a nega- 
tive regulatory role in B cell homeostasis [22,26,27]. 

CD268 (BAFF-R, TNFRSF13Q is the primary 
receptor for CD257 (BAFF) and plays an important role 
in B cell development and survival [221 This molecule 
was highly expressed on all mature B cells and during B 
cell development it was already found on pro-B cells. As 
previously reported, we observed low levels of this mole- 
cule on T cells [28]. CD26B expression on B cells Was up 
regulated following activation. In contrast, no expres- 
sion increase was detected after T cell activation* 

CD252 (OX40L, TNFSF4) is the ligand of the TNF 
superfamily receptor OX40 (CD252) and h$s been 
shown to play an Important role in B cell proliferation 
and differentiation [29,30]* Here we show that this mole- 
cule was found on the cell-surface of bone-marrow 
CD34* precursor cells, as well as on B cells at all stages 
of their development, with strongest expression occur- 
ring from immature B cell stage to the plasma cell stage. 

CD307 (1RTA-2 or FcRH5) belongs to the newly 
designated Fc receptor homolog family pl,32]. This 
molecule, together with CD267 (TACI) and CD269 
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(BCMA), wfere the only molecules analyzed in ihis 
study that proved to be B cell restricted. Thus, Jht, rela- 
tively few B cell-associated markers have been shown 
to be lineage-restricted [ty Four of these molecules 
form part of the pre-B and B cell receptor complexes 
(CD79a, CK79b, CDl79a, and CDl79b), while the rest 
are expressed by different B cell subsets, namely CD 19, 
CD20 r CD2!„ and CD22 Heretofore prevailing 
opinion has 'suggested that all B cell restricted mole- 
cules bad alrbdy been described In fact, it Is quite pos- 
sible that the number of known cell surface molecules 
exhibiting a'B cell restricted expression pattern may 
well incrcasd during the next few years. For example, 
most of the ww Fc receptor homolog family members 
that have recently been cloned, including CD307, seem 
to be expressed only by B cells [33}_ In tbis study> we 
have also sdught to address the expression levels of 
these B cell-associated molecules on other leukocytes. 
Most mAbs: that identify cell-surface molecules were 
not lineage specific, they were expressed not only on & 
cells, but al^o on several leukocytes and lymphocyte 
subsets. The importance of cross-lineage comparison is 
based on thejrealization that many molecules, even one 
like CD4, wbicb was thought to be lineage-restricted, 
are actually {expressed by multiple cell lineages. It is 
therefore of crucial importance to increase our knowl- 
edge of the expression patterns for a better insight into 
these molccujes. 

Half of the mAbs submitted against unknown mole- 
cules were able to recognize MHC class II molecules. 
Tbe targets for the remaining mAbs could not be deter- 
mined. At least four mAba, including 37.20 (B001), SC2 
(B006), FH2$ (B007), and FB21 (BOOS) could apparently 
identify new B cell-associated molecules selectively 
expressed on B cell subpopulations. Cloning the mole- 
cules that these mAbs recognize will be an important 
goat of fUture studies. 

In conclusion, tbe availability of mAbs directed 
against novel B cell surface molecules will have not only 
broad implications for B cell biology, but also for devel- 
opment of new diagnostic and therapeutic tools. 
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